S cientific communication is a core aspect of academic work and in the evaluation of university faculty members. Although academic publication records are often evaluated qualitatively, or evaluated by the total number of publications, more precise quantification could make evaluation more accurate and objective. Metrics that quantify successful publi-cation assume that important work influences the scientific peer community and is cited in subsequent publications. Thus publication metrics include the number of times scientific papers are cited by subsequent papers. Citation metrics, such as journal impact factor and the number of times that papers are cited, have been criticized for biases among disciplines W La Revue canadienne de psychiatrie, vol 52, no 12, décembre 2007 790
and for other reasons. [1] [2] [3] [4] Recently, these publication metrics, and others designed to overcome their flaws, have been evaluated as tools to assess individual authors in the physical sciences 5, 6 and to compare the performance of psychiatrists of different countries. 7 The publication records of psychiatric faculty may be particularly prone to the biases of citation metrics because of the distinct qualities of journals devoted to neuroscience and basic science, compared with clinical specialties and psychotherapy. Appreciating these biases requires attention to the factors that affect impact factor and citation rates. Impact factor is a measure of the number of times an average article in a journal is cited by subsequent peer-reviewed publications over a 2-year period. As an example, the impact factor of The Canadian Journal of Psychiatry in 2006 represents the number of times in 2006 that papers in the Journal Citation Reports database cite articles that were published in The Canadian Journal of Psychiatry in 2004 and 2005, divided by the total number of papers that were available to cite. Impact factor is not designed to evaluate individual papers or authors, but rather to measure the overall impact of the journal. 8 It has several theoretical limitations. First, the 2-year citation window favours journals with immediate impact over those whose impact is felt over a longer period. It biases impact factor toward disciplines whose journals have a shorter citation half-life, 1,2 which may favour basic science over clinical journals. The duration of this time window is less critical within disciplinary categories, because ranking of journals is essentially the same when using 1-, 7-, or 15-year impact factors. 9 Second, journal impact factor is affected by citation density, which is the mean number of references cited per paper. 1 Differences in citation density among disciplines may give a systematic advantage to basic science over clinical journals and may contribute to differences among countries, where American journals tend to have higher impact factors than journals published elsewhere. 4 Third, review papers and technical papers are typically more frequently cited than original scientific contributions. Thus impact factor is open to editorial manipulation through decisions to publish more review articles, through self-citation, and other choices. 2 Fourth, a small proportion of papers published in a journal may be responsible for a large proportion of the journal's citations, which undermines the validity of the average when it is applied to individual articles. 2 Finally, impact factor has been criticized because it neglects the impact of journals that are not included in the database. 2 Journal impact factor averages the impact of all of a journal's papers, therefore, the number of times that an individual paper is cited is a more accurate measure of a paper's impact on scientific peers. 1, 2 Although annual citation rate provides a more accurate measure of the impact of articles than journal impact factor, it has disadvantages. Citation rate is open to the biases among disciplines that result from differences in citation density and type of paper. It is also more difficult to obtain because the number of citations must be calculated for each individual paper and changes over time.
In this study, a third metric, citation ratio, is introduced, which is designed to overcome systematic differences among fields. The citation ratio compares the impact of a particular paper to the average impact of a paper in its journal. Thus a paper that performs at the same level as an average peer will have a citation ratio of 1. A ratio above 1 indicates relatively greater success. Citation ratio compares the impact of a particular paper to those of the authors' same-discipline peers and thus is designed to level the playing field and allow comparisons among academic psychiatrists with different expertise.
To compare these metrics and test their validity, this study aims to test if citation statistics differ among psychiatric faculty of different academic ranks, among psychiatric faculty of different medical schools, and among psychiatrists specializing in neuroscience or in clinical subspecialties.
Methods
Data were tabulated for faculty of the departments of Psychiatry and Behavioral Science, Stanford University School of Medicine, and the Department of Psychiatry, Faculty of Medicine, University of Toronto, based on 2004/2005 faculty lists available online. These 2 faculties were chosen to represent a smaller faculty and a larger faculty of high academic productivity. All information regarding publications was gathered from sources in the public domain (PubMed and faculty and university websites) or available commercially (Web of Science and Journal Citation Reports, ISI Thomson). Individual faculty members were not contacted. Confirmation was received from the Mount Sinai Hospital Research Ethics Board that neither ethical review nor informed consent was required for this process of data collection.
All analyses are based on the 10 most recent publications of each faculty member. Analyses that depend on journal impact factor and citation rates are based on papers published in a 5-year period. Publications qualified for inclusion if they were indexed in PubMed or the Web of Science, but were excluded if they were meeting abstracts, letters, book reviews, or editorial material. Publication citations that were difficult to attribute to a faculty member, usually owing to common surnames, were resolved by reference to other information sources such as personal or university websites, by patterns of coauthors and topics, and by retrieving publications to determine given names and addresses of authors.
Using Publication Statistics for Evaluation in Academic Psychiatry
The Canadian Journal of Psychiatry, Vol 52, No 12, December 2007 W Analysis 1-Impact Factor, Time to Publish 10 Papers, and First Authorship Selection of Faculty Members. Publications were reviewed for faculty members at the rank of assistant professor, associate professor, and full professor from both universities. The faculty list of Stanford University distinguished between clinical and research faculty at each rank, which were combined for the analysis. Emeritus professors and visiting faculty were excluded. For Stanford University, the publications of all psychiatric faculty members at these ranks were tabulated. For the University of Toronto, random numbers were assigned to all faculty members, and 50 faculty members at each rank were randomly selected from a faculty list that included 269 assistant professors, 99 associate professors, and 72 full professors.
Selection of Papers.
For all faculty members, the 10 most recent qualifying publications, up to December 2005, were tabulated. For all publications, the journal name, year of publication, number of authors, and order of the faculty member in the author list were recorded. Qualifying papers for all faculty members were tabulated, even when they were also included among the qualifying publications for a coauthor. For all faculty members, cumulative 5-year impact was calculated as the sum of the 2001 to 2005 impact factors of all tabulated papers. Journals that were not indexed by Journal Citation Reports (ISI Thomson) or published before the 5-year window were assigned an impact factor of zero.
Time to Publish 10 Papers. For faculty who had published at least 10 papers (with no limit on the date of the earliest publication), the time to publish 10 papers was calculated, in years, as a measure of academic productivity. Years to publish 10 papers is equal to the difference between 2006 and the year of publication of the earliest of the 10 most recent papers.
First Author Status. The proportion of a faculty member's papers in which he or she was the first or the sole author was calculated.
For each cumulative 5-year impact, time to publish 10 papers, and the rate of first or sole authorship, differences among academic ranks, and between schools, were tested by univariate analysis of variance. Differences in categorical variables were chi-square tested.
Analysis 2-Annual Citation Rate and Citation Ratio
For the second analysis, both the actual number of times that a paper was cited since publication and the impact factor of the journal in which it was published were analyzed. Citation counts, which are sensitive to the time that has elapsed since publication, were obtained for all papers in November 2006.
Selection of Faculty. This analysis was performed in a subset of 25 assistant professors, 25 associate professors, and 25 full professors of the faculty of psychiatry of the University of Toronto, randomly selected from the faculty studied in Analysis 1.
Selection of Papers.
Citation ratio can only be calculated for articles in journals that have an impact factor, therefore papers were included in this analysis if they met the previously listed inclusion and exclusion criteria and were published in a journal indexed in Journal Citation Reports (ISI Thomson). Citations are only possible after a time lag during which subsequent papers receive peer review and are published, therefore the 5-year window for which impact factor, citation rate, and citation ratio were calculated was 2000 to 2004.
Annual Citation Rate. For each paper, the annual citation rate was calculated as the total number of citations / (2006 -year of publication). A mean annual citation rate for all papers was calculated for each faculty member.
Citation Ratio. For each paper, the citation ratio was calculated as citation rate per 2 years / impact factor of the journal of publication. The citation rate per 2 years is used rather than the annual citation rate to match the 2-year citation window used in determining impact factor. The similarity of citation rate per 2 years to impact factor is only approximate because the impact factor of the journal in a given year is actually a measure of the citation success of the papers of the previous 2 years. Thus the numerator and denominator of a citation ratio would only be perfectly comparable for a journal whose impact factor was constant from one year to the next. In reality, the impact factor for a given journal was similar from one year to the next, but not constant. In this analysis, faculty members with no publications meeting criteria for inclusion were assigned a citation ratio of zero.
Differences in cumulative 5-year impact, total number of citations, annual citation rate, and citation ratio among academic ranks were tested by univariate analysis of variance. Faculty norms were defined by 20th, 40th, 60th, and 80th percentile scores for each of these indices.
Comparison of Leaders in Distinct Fields of Specialty.
Finally, whether publication metrics systematically favour basic scientists over academic clinicians of equal merit and whether citation ratio removes this bias were tested. Two groups of psychiatric faculty were selected from the University of Toronto faculty list nonrandomly, to represent leaders in the fields of basic science-neuroscience or clinical subspecialties. Although there is no gold standard of equal merit, this selection was based on criteria other than publication records. In particular, these groups of academic leaders were selected on the basis of academic reputation, mentorship and supervision of post-graduate students, and evidence of national and international leadership as indicated by being a department head, hospital chief, program leader, head of a scientific society, holder of an endowed chair, or recipient of large research awards. Twelve specialists in basic scienceneuroscience and 12 clinical subspecialists were chosen. The latter included experts in psychotherapy, geriatric psychiatry, consultation-liaison psychiatry, mood disorders, women's health, and eating disorders. Cumulative impact factor, annual citation rate, total number of citations, and citation ratio were calculated for their 10 most recent publications (2000 to 2004) using the methods described above. For each metric, the percentage of each specialty group performing above the 80th percentile criterion (based on the faculty norms derived above) was calculated. Differences among groups were chi-square tested.
Results

Analysis 1-Impact Factor, Time to Publish 10 Papers, and First Authorship
Up to 10 publications were tabulated for each of the 222 psychiatric faculty members (comprising 72 assistant professors, 75 associate professors, 75 full professors), totalling 1800 papers in 569 journals. Of 1340 tabulated articles published between 2001 and 2005, 1235 (92%) were published in a journal with a published impact factor.
Having fewer than 10 published papers was strongly associated with lower academic rank (assistant professor 65.3%, associate professor 22.7%, full professor 5.3%, df = 2, c 2 = 65.5, P < 0.001). Among faculty with ³ 10 papers, the time to publish the most recent 10 papers was associated with both school (F = 19.9, df = 1, h 2 = 0.12, P < 0.001) and academic rank (F = 7.1, df = 2, h 2 = 0.09, P < 0.001). As demonstrated in Table 1 , senior faculty and Stanford faculty published 10 papers more quickly.
Five-year cumulative impact was also associated with main effects of both school (F = 21.3, df = 1, h 2 = 0.09, P < 0.001) and academic rank (F = 11.9, df = 2, h 2 = 0.10, P < 0.001). As demonstrated in Table 2 , cumulative impact was higher for senior faculty and was higher at Stanford.
The proportion of papers in which a faculty member was the first author or the sole author was weakly associated with academic rank (F = 5.8, df = 2, h 2 = 0.05, P = 0.004), but not with school (F = 0.003, df = 1, h 2 = 0.00, P = 0.98). The trend was for this proportion to decline with increasing rank (mean ratio of first author papers to all papers: assistant professor 0.37, associate professor 0.32, full professor 0.24).
Analysis 2-Citation Rate and Citation Ratio
The second analysis calculated publication indices related to the actual number of times that individual papers were cited in a subset of 75 randomly selected Toronto faculty members. The expected trend to increasing performance with increasing academic rank was confirmed for total citations (F = 10.0, df = 2, h 2 = 0.22, P < 0.001), annual citation rate (F = 9.4, df = 2, h 2 = 0.21, P < 0.001), and citation ratio (F = 7.7, df = 2, h 2 = 0.18, P = 0.001). Thirty-five percent of faculty had no publications qualifying for inclusion in this analysis and scored zero for each index. The distribution of these indices and of Having fewer than 10 published papers is associated with academic rank (c 2 = 65.5, df = 2, P < 0.001). Among faculty with ³ 10 papers, the time to publish the most recent 10 papers is associated with both school (F = 19.9, df = 1, P < 0.001) and academic rank (F = 7.1, df = 3, P < 0.001). Table 3 and the criteria for 20-point percentiles for all faculty are presented in Table 4 .
5-year cumulative impact by academic rank is presented in
Finally, 5-year cumulative impact, total citations, annual citation rate, and citation ratio were calculated for 2 groups of academic leaders, consisting of 12 experts in basic science and neuroscience and 12 experts in clinical subspecialties. For each group, the proportion of group members performing at a level greater than the 80th percentile of the norms calculated for a random selection of faculty was calculated. The results, presented in Figure 1 , demonstrate that while cumulative 5-year impact favours basic scientists, the trend in this direction is reduced for citation-based metrics and appears to be eliminated by citation ratio, which is equal in both groups.
Discussion
The value of using of any statistic that summarizes a complex phenomenon depends on a clear appreciation of its strengths and limitations. The results of this study support the use of publication statistics in the evaluation of psychiatric faculty members and suggest some of the comparative strengths and weaknesses of particular statistics.
In this sample, the index with the largest difference among academic ranks is the very simple statistic of whether an individual has published 10 papers, particularly as it distinguished assistant professors from more senior faculty. This finding is consistent with the general expectation that one must publish regularly to be promoted beyond the junior ranks, but it is an insufficient criterion, especially in the higher ranks. Cumulative 5-year impact is associated with main effects of both school (F = 21.3, df = 1, P < 0.001) and academic rank (F = 11.9, df = 2, P < 0.001). Cumulative 5-year impact and annual citation rate both differed among academic ranks and their similar effect sizes for among-rank differences suggest that these measures are comparable in their sensitivity for making this comparison. While journal impact factor is not designed to evaluate individual papers, empirically it appears to be as effective as annual citation rate for this purpose. This is useful information because journal impact factor has the advantages of being easier to acquire than citation rate and not being sensitive to the passage to time. Furthermore, because 92% of the papers tabulated in Analysis 1 appeared in journals that are indexed by Journals Citation Reports, the fact that papers in nonindexed journals do not contribute to cumulative 5-year impact appears to have little effect overall.
Table 3 Difference in indices of publication success by academic rank in faculty members from the Department of Psychiatry, University of Toronto
Analysis of leaders in different areas of psychiatric subspecialty confirms that cumulative 5-year impact favours basic scientists. While annual citation rate did not differ among these groups, this may be owing to a lack of statistical power because the analysis of psychiatric leaders had a small sample size. Citation ratio was the only statistic for which the results for expert basic scientists and expert clinical subspecialists were virtually identical. Thus citation ratio appears to be a promising statistic for comparing disciplines. This finding merits further investigation with a larger sample and a more robust gold standard of academic equivalence, such as peer consensus. A metric that is valid across disciplines introduces the possibility of benchmarks or norms that are not discipline-specific. With respect to the limitations of citation ratio, this metric may disadvantage junior faculty whose publication record could be more fairly evaluated by statistics acknowledging publications within the last 2 years and including citations published in journals that are not indexed in Journal Citation Reports (and so are necessarily excluded from an analysis of citation ratio). Another limitation is the possibility that a faculty member could manipulate his or her citation ratio by submitting papers to low-impact journals where they have a greater likelihood of outperforming their peers. Such possibilities argue for the importance of evaluating publication success by multiple critieria. For example, a comprehensive assessment could include cumulative impact to measure the quality of journals in which a person publishes and his or her lifetime impact, annual citation rate to measure recent impact and temporal trends, and citation ratio for comparisons across disciplines.
Analysis 1 demonstrates the potential of publication metrics to make comparisons between schools. The purpose of this study was not to draw conclusions regarding the merit of the particular schools studied in this analysis because no effort was made to be systematic in the choice of schools for the purpose of this demonstration. However, the results demonstrate the sort of between-school differences that could be evaluated using publication metrics and the need to keep these comparisons in appropriate context. For example, the data are consistent with the interpretation that the rank of assistant professor serves a somewhat different purpose at Stanford University than at the University of Toronto. Assistant professors at Stanford are nearly equal as a proportion of all faculty to associates and full professors, whereas they are a much larger proportion of the faculty at the University of Toronto. The data also suggest that the publication success of junior faculty is greater at Stanford. Taken together, these facts may suggest that the junior ranks at the larger university include more faculty who are early in their careers, are affiliated part time with the university, or are working primarily as clinician-teachers. Publication metrics cannot explain the differences, but they can point out the areas in which some explanation is required.
One of the weaknesses of publication statistics is that they do not distinguish among the relative contributions of multiple authors of a paper and, as a result, gives undue credit to ghost authors or honorary authors. 10, 11 The analysis showed that being the first author, which is sometimes taken as an indicator of primary authorship, was more common in junior ranks. Some groups use the convention of listing the primary supervisor as the first author and student as the last author. An analysis of last-author status in this database showed no relation with rank (analysis not shown). In general, interpreting the meaning of the order of listed authors appears unreliable. This problem is addressed in some evaluative processes by requesting that faculty designate their role (such as senior responsible author, principal author, coprincipal author, or collaborator) for each paper. Another weakness is the practice of authors citing their own work excessively, which inflates citation rates.
The strength of the conclusions of this study is limited by the degree of criterion contamination in the comparison. That is, to the extent that impact factor and citation rates already influence academic promotion in psychiatry, academic rank is not a gold standard of excellence that stands independently from the metrics tested in this study. While the degree of such contamination is not measurable, it is assumed to be limited. There are many factors that enter into the decision to promote faculty members. The final decision is the result of a consensus reached by peers. While further validation of publication metrics using more clearly independent standards of comparison would be valuable, the clear relation between quantitative publication success and academic rank demonstrated here indicates that these statistics pass a basic (necessary but insufficient) test of validity.
Perhaps the greatest caveat to the use of publication metrics to evaluate academic faculty is the limited place of publication success as a criterion of excellence when compared to other indicators of scientific, clinical, educational, and creative achievement. It should be (and is) possible for the faculty member with an exceptional record of creativity and success in other areas to achieve academic promotion with a very modest record of publications. Like the veteran leader of a sports team whose value is not adequately conveyed by performance statistics, some academic faculty members make a contribution that cannot be captured by counts of papers and cited references. A related concern is the sometimes exaggerated appeal of simple numerical comparators in evaluating complex phenomena. Lehmann and colleagues note the concern that being "unable to measure what they want to maximize (quality), institutions will maximize what they can measure." 5 Nonetheless, the analysis presented here suggests that publication metrics may be a useful component of comprehensive academic evaluation.
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Résumé : L'utilisation des statistiques des publications pour l'évaluation en psychiatrie universitaire
Objectif : La validité des statistiques des publications pour évaluer les facultés universitaires n'est pas établie. Cette étude visait à déterminer si les statistiques des publications diffèrent parmi les départements de psychiatrie de différents rangs universitaires et s'il y a des biais parmi les disciplines.
Méthode : Dans les 10 publications les plus récentes des départements de psychiatrie de 2 facultés de médecine, le temps de publication de 10 articles, l'impact sur 5 ans, le taux de citations et le ratio de citations ont été comparés parmi les rangs et facultés universitaires. Les chefs de file des neurosciences ont été comparés avec ceux des surspécialités cliniques.
Résultats : Chaque statistique était associée à un rang universitaire (P = 0,001) et il y avait des différences significatives entre les 2 facultés. Un plus grand nombre de scientifiques fondamentaux que de surspécialistes cliniques étaient dans le 80 e percentile de l'impact sur 5 ans (P = 0,04), mais ces disciplines avaient un rendement égal dans le ratio de citations.
Conclusions :
Les statistiques des publications diffèrent entre rangs universitaires. Le ratio de citations minimise l'effet des biais parmi les disciplines. Les statistiques des publications peuvent fournir une information utile à l'évaluation du département de psychiatrie.
